The paper presents an analysis of the influence of elevated temperature on thin-walled purlins restrained by sheeting. In the first part of the study the bearing capacity of purlins cooperating with sheeting is examined in normal and elevated temperature based on European Standards. Next, special attention is paid to creating a numerical FEM model of the restrained purlins in Abaqus program taking into account different materials properties with respect to temperature increase.
INTRODUCTION
The primary responsibility of designers is to ensure the safety of people and materials located in buildings in normal and fire conditions [1] . The conservative and the advanced design methods in fire conditions are widely discussed in [2] . Designers can easily determine the critical temperature and the fire resistance time of an element using the recommendation contained in [4] . In civil engineering practice, the thin-walled purlins restrained by sheeting have a variety of applications. Using this type of purlins provides several advantages. One of them is their high strength in relation to weight. Yet another advantage is a significant reduction of the costs connected with transport and erection.
Nevertheless, it is a fact that thin-walled purlins demonstrate very low fire resistance. Therefore, load capacity of purlins restrained by sheeting in elevated temperature is analysed in this paper. In [4] and [7] , it is recommended that for the members with class 4 cross sections the temperature 350
• C is to be regarded as the critical temperature. It means that this kind of cross section theoretically loses its load capacity under this temperature. Maślak [9] points out that it is difficult to determine fire resistance of class 4 elements.
CALCULATION BACKGROUND

LATERAL AND ROTATION RESTRAINT ACCORDING TO THE EN
The lateral restraint provided by the trapezoidal sheeting generally takes the load in the plane of the sheeting. Therefore, the purlin may be regarded as being laterally restrained in plane of the sheeting and partially rotationally restrained. The rotational restraint should be modelled as rotational spring acting at the top flange of the purlin (see Fig. 1 ).
Fig. 1. Lateral and rotational restrained purlin
The simplified formula for the total rotational spring stiffness CD according to [5] takes the form:
where:
CD,A -rotational stiffness of the connection between the sheeting and purlin, CD,C -rotational stiffness corresponding to the flexural stiffness of the sheeting
The maximum stress in the cross section of the purlins should satisfy the conditions:
-in the restrained flange:
Aeff -effective cross sections, fy -yield strength, Mfz,Ed -bending moment in the free flange
The buckling bearing capacity of the free flange is included in the formula:
FIRE RESISTANCE ACCORDING TO THE EN
In order to determine the fire resistance of the purlin, the critical temperature should be calculated.
The critical temperature for members with class 4 cross sections should be calculated using the iterative method [8] . When the temperature increases, the yield strength of steel and Young's modulus reduce [10] . Reduction of the yield strength for members with class 4 cross sections is greater than for members with another class [7] . The loads and their effects are also reduced under fire conditions. The bending moment in the free flange due to the lateral load should be calculated including reduction presented above. The rotational stiffness corresponding to the flexural stiffness of the sheeting in the fire situation should be calculated from [4] and [5] 
kh -coefficient, qEd,fi -load in the fire situation, reduced load from the normal situation
The reduction factor of lateral torsional buckling should be determined from [4] using:
The relative factor of lateral torsional buckling should be calculated in current temperature in the fire: 
CALCULATION EXAMPLE
Two-spans purlin Z250x68/60x1.5mm restrained by sheeting T50x0.7mm was analysed. The effective cross section and the effective section modulus were determined in accordance with [5, 6] based on the material properties at 20°C [4] . The data used in calculation are presented in Table 1 . 
The critical temperature for members with class 4 cross sections was calculated using the iterative method. The temperature influence on the stiffness, the yield strength and ULS is presented in Table 2 . Degree of utilization of the purlin depending on the temperature is presented in Figure 2 . It was found that the 420°C is the critical temperature after which the purlin loses its bearing capacity. 
NUMERICAL MODEL
To study the influence of restraint realized by sheeting on bearing capacity of a thin-walled purlin an advanced FEM model using the shell elements S4R is created. The numerical model reflects an intermediate segment of a light-weight roof and consists of trapezoidal sheeting and two thinwalled Z-purlins (see Fig. 3 ). Purlins are restrained by trapezoidal sheeting. The sheeting is connected to the purlins using special connectors modelled as the "beam connector" type (see Fig. 4 ). External load is applied to the top surface of trapezoidal sheeting with parallel direction to gravity (gravity load case) (see Fig. 6 ) and with perpendicular direction to the sheeting (uplift load case).
There are also normal forces which are generated using displacements (u1>0) (see Fig. 7 ). The calculations were performed using the Abaqus-Standard program and the Newton-Raphson method. Elasto-plastic material models were used. The laws of physics for each material and temperatures are shown in the figure below. 
NUMERICAL CALCULATION RESULTS
As a result of the numerical calculation the map of stresses was obtained. The failure mode was assumed when the plastic stresses appeared in the purlin. The stresses in the sheeting and the purlin at the temperature 500
• C are presented in the figure below. Fig. 9 . The stresses in the sheeting at the temperature 500
• C in uplift load case Fig. 10 . The stresses in the purlin at the temperature 500
• C in uplift load case
One can notice that the sheeting and the purlin were plasticized and the purlin loses the load capacity when the temperature reaches 500
• C.
CONCLUSION REMARKS
In the paper the influence of elevated temperatures on thin-walled purlins restrained by sheeting was analyzed.
In a first part of the study the bearing capacity of purlins cooperating with sheeting was examined based on European Standards in normal and elevated temperatures. Next, the advanced FEM, shell model which reflects an intermediate segment of a light-weight roof was created. Thanks to modification in the formulas EN 1993-1-3, it was possible to find the bearing capacity of a purlin under a fire situation. The yield strength of steel, Young's modulus and the loads were reduced. Based on the analysis it was found that for example, under consideration, the critical temperature reached 500 °C using a numerical FEM model and the 420 °C using the standard iterative procedure. At this temperature the trapezoidal sheeting and the purlins reached the stresses higher than the yield strength. The critical temperature obtained in the numerical model was higher than calculated using EN, due to the introduction to the numerical model excessive simplification. First of all, the criterion of purlin failure was assumed as a beginning of the material plastification. Moreover, numerical model did not include instability problems and sensitivity to imperfection. It did not consider the influence of temperature on boundary conditions either. Therefore, the more accurate model of the connector should be prepared. Based on obtained results, it was pointed out, that the connection between sheeting and a purlin may be destroyed in the fire situation which requires further study. Rys. 7. Warunki brzegowe dla płatwi, u1>0 
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STRESZCZENIE:
Głównym zadaniem projektantów jest zapewnienie bezpieczeństwa ludziom i materiałom znajdującym się w budynkach, 
